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Summary. 

1. Of tile Ieagents that alkylate thiourea, viz.: alkyl halides, 
phosphates, chloiocarbonates and sulphates, it is shown that 
only alkyl sulphates alkylate urea. 

2. It i» shown that the urea is alkylated by ethyl phosphate 

to give an ethyl iso-tliiourea salt. ' 

Werner 0 * has described the action of methyl sulphate on urea and 
four N-substituted ureas to give methyl iso-urea methyl sulphates. 
The only other known preparation of iso-ureas is from cyanamide, 
or substituted cyanamides, hydrogen chloride, and an alcohol < 2 ~ 7 *. The 
disadvantages of this method led to a search foi some method of 
alkylating urea. 

Thiourea may be alkylated in the iso-position, either by refluxing 
Avith alkyl cliloroformates in benzene (8) or with alkyl halides (0) , or 
by treatment. Avitli methyl sulphate (10) . It Avas found that, -when 
heated Avitli .ethyl phosphate, thiourea gave an ethyl iso-thiourea salt. 
In contrast to the vigorous alkylation by methyl sulphate, ethyl 
hydrogen sulphate does not alkylate thiourea. Of the above alkylating 
agents, only methyl sulphate gives an iso-urea Avitli urea. 

Urea has iioav been shown to react on heating with ethyl, n-propyl, 
and n-butyl sulphates to give alkyl iso-urea alkyl sulphates. These 
are mostly viscous oils which give crystalline pierates and salycylates. 
Although benzene sulphonic acid and its salts give characteristic 
precipitates AA'itli strong bases such as amines 01 *, calcium benzene 
sulphonate gave no precipitate Avitli the strongly basic iso-ureas. 

Experimental. 

Ethyl hydrogen sulphate Avas prepared from one mole of-sul- 
phuryl chloride and tAvo moles of absolute alcohol, n-butyl sulphate 
aatis prepared from butyl alcohol and thionyl chloride via the 
sulphite 02 *. All other chemicals Avere obtained from Eastman Kodak 
Company, NeAv York. 

Urea picrate is said to melt at 142° C. 03 >. While one form does 
melt at 142° C..or slightly higher, another form has been prepared 
Avhieli darkens above 240° C., and chars and melts betAA r een 250 and 
260 C. This Avill be described in a later paper. 

The alkyl iso-urea sulphates were prepared by Werner’s 
method 0 *. A test tube containing one-tenth mole each of alkyl 
sulphate and urea AA'as heated gradually and Avitli constant stirring 
m a glycerine bath until the urea and the sulphate mixed. To prevent 
undue Aigour of reaction and resulting decomposition of iso-urea, 
the tube was removed and cooled in Avater immediately the liquid 
layers mixed. 
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Ethyl iso-thiourea ethyl phosphate was prepared by heating - ethyl 
phosphate and thiourea together for one hour at 120°-130° C. 

Methyl Iso-urea Methyl Sulphate. 

Urea and methyl sulphate reacted, not at 112° C. (1) , but at 
105° C. The picrate melted at 185° C. (Werner (1) , 184° C.). Attempts 
to prepare the salicylate resulted only in the precipitation of salicylic 
acid, M.P. 155° C., mixed with authentic salicylic acid, M.P. 155° C. 
Although Werner (1) describes methyl iso-urea methyl sulphate as a 
viscous oil, several samples have changed on standing to a deliquescent 
solid, M.P. 108°-109° C. Since a picrate from this melts at 185° C., 
there has been no chemical change. 

Ethyl Iso-urea Ethyl Sulphate. 

Urea and ethyl sulphate reacted at 124° C., and unless the 
mixture was cooled, the temperature rose to 148° and the iso-urea 
compound decomposed. It is deliquescent solid, M.P. 60° C. Salicyl¬ 
ate, M.P. 155° C. | twice] (Basterfield and Powell (7) 153° C.; mixed 
Avith authentic salicylic acid, M.P. 119° C.). Picrate, M.P. 185° C. 
(decomp.). 

n-Propyl Iso-urea n-Propyl Sulphate. 

Urea and n-propyl sulphate reacted at 156° C. Avith no rise in 
temperature. The compound Avas a viscous oil. Salicylate, M.P. 146° C. 
(Basterfield and PoAA*ell (7) 146° G.) ; mixed Avith authentic salicylic 
acid, M.P. 110° C. Picrate, M.P. 156° C.; mixed Avith authentic urea 
picrate, M.P. 109° C. 

n-Butyl Iso-urea n-Butyl Sulphate. 

Urea and n-butyl sulphate reacted gradually betAveen 100°-120° C. 
The compound Avas a viscous oil. Salicylate, M.P. 157° C. (Basterfield 
and Powell (7) 159° C.; mixed Avith authentic salicylic acid, M.P. 
112° C.) 

Ethyl Iso-tliiourea Ethyl Phosphate. 

This again is a viscous compound—cf. methyl iso-thiourea methyl 
sulphate, crystalline, M.P. 235° C. (9) . Picrate, 185° C. (Levy and 
Campbell (16) 188° C.) ; mixed AA 7 ith picrate from ethyl iso-thiourea 
hydrobromide, M.P. 185° C. 

N-Substituted Iso-ureas. 

A number of N-substituted iso-ureas of various types have been 
prepared by alkylation of corresponding ureas Avith methyl and ethyl 
sulphates. These compounds, again mostly oils, Avill be described later 
Avhen their picrates have been characterised. 

Unsuccessful Attempts to Alkylate Urea. 

Urea remained unchanged after being refluxed for 15 hours Avith 
n-amyl bromide. Refluxed with ethyl ehloroformate in benzene for 
12 hours, urea gave a white solid; M.P. 176° C.; soluble in water and 
alcohol and having the properties neither of urea nor of an iso-urea. 

When heated Avith ethyl phosphate in a glycerine bath for 18 
hours at 120°-130° C., urea dissolved in the phosphate. The solution 
gave a nitrate, M.P. 153° C.; mixed Avith authentic urea nitrate, 
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M.P. 150° C., and a picrate, M.P. 252° C. (deeompn.) ; mixed with 
authentic urea picrate, M.P. 256° C. (deeompn.). The product was 
therefore probably urea ethyl phosphate. 

Alkyl hydrogen sulphates react with urea to form urea alkyl 
sulphates (14) . Urea ethyl sulphate was refluxed 3 hours each with 
methyl and ethyl alcohols. Pierates from the products melted at 
254°-8° C.; mixed with authentic urea picrate, M.P. 254°-8° C. 
(Methyl iso-urea picrate, M.P. 184° C. n) ; ethyl iso-urea picrate, 
M.P. 184°-5° C. (15 >.) 
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